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We, Babcock & Wiuoox Limttbd, a 
British Company, of Babcock House, Fatring- 
dnn Street, Locdkni, E.C4, do hendby declare 
the inveuiloa, (Conimi wlcatcd hj Obutschb 
Babcock & Wilcox Dampfkbssklwekkb 
A/G, a German Company, cf Obecbanseni 
B Wndan d, Geunauy), lor which we pray that 
aparjcnt m^begraScdcous, and the method 
by which it is to be performed to be partial- 
tady described it and by the fofiowing 
merit:— 

The present invention relates to a process 
of and tool for cipanding tribe cads, applic- 
able far example to the attachment of water 
tabes to the steam and water dram of a water 
tube boiler. 

It is common practice to secure the ends 
of water tubes tP a boikr drum by fitting 
each tube aid within a -Bribe hole in the drum 
and then expanding plastically the tribe end 
withfa the tune bote, so tjhat it remains firmly 
in contact with the watt of the hofe to provide 
a ftrioVtigbt Johtt. In order to improve die 
resistance to the qendeacy of tie tube, when 
die bofler b in use, to pu& out cf the drum, 
4he pert of the tube projecting into the dram 
is often ceDed cut. 

Several different methods of Obtaining the 
desired expansion have ^een used According 
to one method^ a tool is used which facfades 
a conical mandrel about which are spaced 
three corr e spon ding tiered softer*, the tool 
bring inserted in the tube end to be expanded 
with the axis of tjtc mandrel co-axial w&fa the 
tube end and the mandrel being fed into the 
tube rndepenrienrjy of the rollers eo that die 
roflera are displaced o u t w ar dl y into contact 
with the tatter surface of the tube* The man-* 
drd is then continuously rotated and the tol- 
lers are forced outwardly to expand the tube 
end and at the same time roll progressively 
round and into the tribe. It has been found 
that with this method of expanding there fe a 



tendency far each point of the tribe wafl, after 
45 each passage of a rote has caused an expan- 
sion, to spring back elastjcaBy and thereby 
considerably reduce the contact pressure be* 
JMc*Sr.«A] 



tweea the tube wall and the waiil of the ti&t 
hole. Furthermore, the structure of the tube 
metal is affec tj edj the mefcal becoming hardened 
by die alternating load. 

According to a second rather similar 
method, the uibe is expanded by a tool having 
a tapered mandrel and roBem in which the 
mandrel and the sobers rotate and move out- 
wardly towards die end of the tribe during- 



^ According tp a third method, a mandrel 
with a working surface having a diameter 
slightly greater than ifc inside diameter of the 
tribe is driven into die tribe end, so expanding, 
the tribe as it moves into it This memod has 
certain practical difficulties when appliei tix 
long dxb tubes, winch tend to buckle, and. 
die removal of the mandrel from the tube, 
after the expanding operation often givesjnrkfc 
trouble. j->~7- 
An object of the present irCTenfic^Ofe J 
provision of an improved methciJ^"®£CS61 
for expandaig tube ends. 77=^77 
Tie invention include* the process fcc tfce* 
securing of a tribe end wirtfn a tribe t&&M 
a tube plate, witch comprises expandting a 
part of the tribe into fkrfd-tight contactl$il£ 
the waB of the U&e hole by the fbndble 
puHing-out of a tribe wpgndSfl g member 
through the said part of the tribe end an! 
sLiiultaneondy as a consequence of the pulling- 
out effecting belling of the mouth of the free 
end of the tr&e into contact with the face 
of the tube plate. 

The invention also includes a t*e end ex- 
panding tool smtabfc for the expanding of a 
*Ae end within a tube jhcfc in a tribe plate 
in which withdrawal means are provided for 
the fbrcaje pcfiing^mt from the tribe 
end of tube expanding means adapted dining 
withdrawal to expand the part of the tribe 
within the t*e hole, and the withdrawal 
means are arranged during withd r aw al to 
operate belling moans which effect betting of 
the free end c/the tribe. 

The invention will now be described, by 
?ay of example, with re fe rence to the accent- 
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ponying partly diagrammatic drawings, in 
which: — 

Figure 1 is a sectional side elevation of tie 
forward end only of a tool for expanding and 
befling tube ends arranged Id operate on a 
tube end that extends through a tube plate; 
and 

Figure 2 is a view simikr to Figure 1 bat 
with the working parts in a different operat- 
ing position. 
In <fee drawings, a tube 1 extends through 



: 3* with its inner 
the inner face 5 of 



* tube hole 2 in a tube 
end 4 projecting 
die tube paste to a distance equal to about 
twice the wail thickness of tfxe tube. The tool, 
indicated generally by 10, jndndes a forward 
body part 11 trnnmatmg in a bearing surface 
12 which, when the machine is in nsc, is held 
fion ly against the psrt of tribe plate foiVr r 
face 5 which surrounds the tube end 4. A 
mandrel 14 mounted in the body pare 11 ex- 
tends axiaSy beyond the beating surface 12 
and at the commencement of the expanding 
operation lies in the initial position shown 
in Figure 1 in which it deads into* the tube 
1 to a point beyond the tube plate 3v At its 
inward or forward end the mandrel 14 is 
formed with an enlargement or head 15 ad- 
joining apart 16 that tapers rearwardly to a 
cyimdrical part 17 beyond which a part 18 
of the- i^fln^nJ is screw-threaded into an 
operating rod 19 whkh is coupled to the pis- 
- ton of an hydraulic power device (not shown). 
A_^om> of four complementary expanding 
.. members 21 are slid ably mounted on the 
papered mandrel past 16 and may be moved 
_^from^^ah£iied position shown m Figure 2, 
parts thereof form a com- 



: zmg^ike tube etynfing surface 22, to 
40r^a3taggeied position shown m Figure 1 in 
.-wttjft one opposed pair of the members 21 
geffs et reaiwardty of the other pair ao that 
^iSimnK radius of each member is reduced. 

The four members 21 axe held together and 
45 to the mandrel by a helical spring 24 mat 
cachxfles part-cylindrical se ct i on s 25 of the 
four members* 

SEdahiy mounted on the cylindrical part 
17 of the mandrel is a movable stop 30 m 
50 the form of a tube length having a cvfindricai 
rearward portion 31 which is a afldmg fit on 
the manure} part 17 nod a flared 
part 32 of such diameter at its forward end 
that it engages* the 'two reanriost expanding 
55 members 21 when they are at the rearward 
end of the tapered part 16 of the mandxcL 
Secured to me re ar waul end of the portion 
31 is a boss 3* formed with a dxcumfercn- 
tfcuTy extending radial shoulder 34 that faces 
60 rearwardly of the mandreL Mounted on <he 
body part H ese catch means ha the form 
of roar phmgprs such as the phmgers 36 so 
arranged as to be slidabte radmEy and being 
biassed fewari ly by springs such as 
65 springs 37* These 



to engage die boss 33 and are so 
shaped at their inward ends that they 
restrain rearward movement of the shoulder " 
34 past the plungers only untfi the axial force 
on the stop 30 exceeds some predetermined 70 
value. 

Also mounted on the body part 11 is a 
circular row of eight tube aid belling ele- 
ments 40 so guided in the body part 11 as 
to be capable , of radial movement only and 75 
biassed by springs such as springs 41 inwardly 
into engagement with die scop 30. The inner 
side of each dement 40 is provided with an 
inclined surface 42 complementary to the 
flared forward part 32 of the stop 30 so that 80 
as the part 32 moves rearwardly past the ele- 
ments 40 they are moved outwards in a radial 
direction. Each element 40 is formed with a 
forwardjy extending tongue 44 arranged to 
extend within the tube end 4 but of such 85 
length that ha farwani end is spaced from 
the tube plate face 5 by a distance somewhat 
greater man the thickness of the wall of the 
tube 1. 

To carry cut the expanding operation, the 90 
tool 10 is brought into position opposite the 
tube end to be expanded and the mandrel 
14 inserted into the tube to the position shown 
in Figure 1, so mat the bearing surface 12 
engages the tube plate face 5, die stop 30 95 
bang set with its shoulder 34 forwardiy of- 
me plungers 36, the expanding members 21 
being towards the rearward end of the tapered 
part 16 of the mandrel 14 and die rearmost 
pair of the members 21 being b contact with 100 
the forward end of the stop ,30. 

The mandrel 14 is now drawn rearwardly 
throogi the tool body part 11 by operation 
of the hydraulic power okvice so that the ex- 
panding members 21, which are held against 105 
axial movement with the mandrel 14 by the 
stop 3fr\ are caused to move outwardly into 
contact with and to expand the part of tube 
1 which lies immediately outside the cube 
plate 3. As tins takes place the forward pair 110 
hi the members 21 move slightly rearwardly 
into alignment with doe other pair cf the mem- 
bers 21. 

Once the head 15 of the mandrel 14 comes 
into contact with the expanding members 21 115 
force as transmitted directly from the mandrel 
to the stop, which is erased to move in a rear- 
ward direction so that the plungers 36 of the 
catch means xide over the shoulder 34. The 
expanding members 21 and the stop 30 move 120 
rearwardly with the mandrel, tJbe members 21 



effecting progressive 




of the part of 
tube plate 3. 



the tube 1 whkh fies within 

As the members 21 appr oach the inner face 
5 of the tube plate 3 the flared part 32 of 
the atop member 30 engages the inclined sur- 
faces 42 upon the eight belling elements 40 
and causes those elements to move outwardly 
radially so that their tongues 44 engage and 
bell outwardly jjhe projecting inner end 4 of 
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jthe tube 1. This belting operation ends when 
tile tube expanding surface 22 comes into con- 
tact with the forward part Of the surfaces 42, 
whereupon rearward movement of the mandrel 
5 rcktivc to the tool 10 is positively checked. 

Tie tool 10 da now removed from the 
finished tribe, the mandrel returned Jo its fox- 
ward position, the tube eg pandtng elements 
21 slid along tie tapered part 16 to <J*fr 
10 rearwaid positions, and the stop 30 restored 
to its forward position, The tool may then 
be applied to^ the next tube <»> be expanded. 

The machine described is adapted to act 

ya* a preselected size of tube^ the diameter 
the expanding surface 21 being appro- 
prlatefy related to ihe faternal diameter of &e 
tube. If desired the head 15 of the mandrd 
maybemadeadfestebkagaHyftf thi>m^H 
14; fc tim serves as a stop adapted by tasting 
20 movement of the «p»ri<ft"g members lu&ufy 
of the tapered part of the mandrel to deter- 
mine die cfiecthe diameter of the espanda 



member during the **»r«»TwHng operation, 
the passion of the atop being adjustable pcr- 
25 mits variation of that effective diameter. Wnea 
the head 15 is axiafly edfastaM*, it as advan- 
tageous to adopt a ritotoa^ring duped, over- 
lapping design for the eipaitriipg members. 

30 1. Process for Ac «»"flrhig of a #foc end 
within a tube hote in the tube plate, which 
conmrbes esparaflng a part of the tube into 
Brad-tight contact with the watt of the tube 
hole Jby the farcJhfe priBing-out of a tube ex- 

35 panding member through the saU part of 
the tobe and simultaneously as a consequence 
of the pufling-out effecting befling of the 
mouth of the free cod of the tube into con- 
tact with the face of die tube plate. 

40 2. A tube end expanding tool suitrtfe for 
die expanding rf a tube end within a cube 
hole in a tube jtae, wherein withdrawal ineana 
are provided for the f oocftte ptuling-oat from 
inside the tube end of tube expanding means 

43 adapted during withdrawal to expand the part 
ofthe <ube within- the tube hole, and the 
withdr awal means are arranged during with- 
drawal to operate baling means which effect 
beffing of tie free end of tfie tube. 

90 3. A tool as daimed in Chum 2, wherein 
the befling means comprise a circular row of 



tube «ad engaging dements which are 
^ranged to more radially outwardly upon 
withdrawal of the cube expanding means and 
so effect befling of the tube enct . 55 

4 - A tool as claimed b GLnm wherein 
me tube expanding means include a plurality 
of expanding members feted about the peri- 
pnery <rf a tapered part of the length of a 
inundrel which is insectaWe axiaUy into die 60 

opawfed and forms part of the 
wflndr awaj m eans, stop means are arranged 
to He wMda fte tube to be expanded at a 
ftgwaai inmal position, catch means are 
arranged to restrain outwani movenient of the 65 
stop means from the initial position unless 
0< ? w * K *.fa cc ™ the stop means exceeds 
a redetermined vatee^ the etop means being 
arranged yo restrain outward axial movemem 
of the said members upon outward movement 70 
cflhe mandrd only out* the force exerted 
****kthet^^ 

end engaging dements we arranged for en- 
gagement by indined surfaces on the stop 
means whereby upon, the mandrel moving the 75 
e xp a nd i n g means and thus the stop means in 
an outward direction t hrough an a pp r opr ia te 
distance a part ofjhe tube that extends beyond 

^tfcptatisttgagcds^Wlcd^by 
thebeHfcgmtana 80 

5. A tooj as claimed in Claim 4, wherein 
the expan ding members are held in dose coo 
tacrw^ tapered part of the manrixci by 
a circumscribing spring. 

6VA too l as dalmedin Oahn. 4 or Oak* 85 
5, wherein a efiop provided on the mandrel is 
adapted by timinng movement of the expaadV 
ing members axiauy of the tapered part of 
the mandrd to determine the effective dia- 
meter of the expanding members during the 90 
expanding opmtionj and the pos&on of the 
stop h a djustable to permit variation of that, 
eflectrve diameter. 

7. A tube end expanding tool arranged and 
adapted Jfe operate substanjififiy ea described 95 
hereinhcfoie wnh reference tp, and constructed 
wfa^^Ky «s shown in, the accompanying 
drawings. 

Fox the Applicants. 

A. CL PRICE, 
Chartered Patent Agent 
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